Results from an array of three moorings at the northern part of the Cape Verde Rise show an inverse behavior of barotropic and baroclinic energies, such that the baroclinic energy is steadily enhanced while the barotropic energy is reduced towards the continental margin. The increase in baroclinic energy is consistent with a generation of internal tides close to the shelf by surface tidal forcing over topography. Further evidence for this process is provided by the 2-week periodicity of the first-order baroclinic mode at the slope, corresponding to the spring-neap cycle of the barotropic tide. 
] (see also Hendershott [1973] ). The distribution of baroclinic tides in the open ocean, however, is more difficult to determine owing to the much smaller horizontal scales, the partition into several vertical modes, and the strong variability of amplitude and phase on time scales of only a few tidal periods [Defant, 1932 [Defant, , 1960 Krauss, 1966; Wunsch, 1975; Roberts, 1975] .
In the course of the last 2 decades, long-term current meter time series from moorings have become available at a number of locations, including single moorings [e.g., Schmitz et al., 1988] 
THE DATA SET
A typical mooring configuration is shown in Figure 2 , and a summary of mooring positions and observational periods is given in Table 1 . The number of current meters per mooring varied between three and eight. The time series obtained are summarized in Figures 3-5. Sampling intervals were 1 or 2 hours. Only data collected by Aanderaa current meters were considered in the present study in order to ensure a consistent data set solely from subsurface moorings. The minimum time series length required for a separation of two distinct semidiurnal M 2 and S2 tides is obtained from the Rayleigh criterion [Godin, 1972] As will be shown later, the vertical structure of the flow is dominated by low-order modes. Changes in instrument depth of O(10 m) or more can therefore be neglected in the analysis. It remains to be checked whether relative currents due to mooring motion can also be neglected. In Figure 7 we present a typical case. The speed record is shown on top, the pressure change time series (1 dbar closely corresponding to a depth interval of 1 m) in the middle, and the relative speed calculated from the pressure change and mooring geometry on the bottom. Vertical displacements range up to a few decimeters, and relative speeds at tidal frequencies are O(1%) of the observed currents. In exceptional cases with "soft" mooring design the relative tidal currents can reach several percent up to about 20% of the observed tidal currents. Since this strong effect is not typical at all for the whole moored array, we did not consider it necessary to correct for relative currents. Tidal amplitudes obtained from the following analysis can therefore be too small by a few percent due to these effects.
Typical spectra for the east and north components are presented in Figure 8 , obtained at mooring KIEL276 (see Figure 1 ) during the observational period 264-1 (see Table 1 When performing the Fourier analysis, we assume that the tidal components can be approximated by sinusoidal signals at the above periods with constant amplitude and phase at each depth level during the whole observational period. It is well known that this will be the case only for barotropic tides, while short-term changes of amplitude and phase of internal tides will lead to an underestimation of the baroclinic components. Since we only look for the order of IIIIII 11111 IllIll IIIIII IIIIII t1111 IIIII Iltll IIIII IIIII IIIII IIIIII !11111   IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIIIIIIIIII I'•   I-•111 IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII Iit111 IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IIIIII IllIll IIIIII Energy-preserving presentation of spectra. Such a spectra form is well suited to describing spatial changes of modal partition in the small-scale array near the Cape Verde Islands.
BAROTROPIC TIDES
Ellipse parameters were calculated from the Fourier coefficients of the barotropic tides. In the case of the multiyear records at KIEL276, the mean values were obtained by averaging the coefficients for 1-year series. The tidal ellipses for M 2 and S2 are presented in Figures 11 and 12 . The major axes of the ellipses are directed southwest-northeast in the deep basins and parallel to the continental slope at the basin boundaries. The magnitude of the M2 major axis is typically larger by a factor of 3 than the S 2 major axis.
We want to compare these observations with earlier model results. In Figure 13 While the means will represent well the barotropic tidal energies because of long-term steady state conditions, this is not the case with the baroclinic tides. They will vary according to generation processes, source regions, and propagation. In order to recognize typical scales and magnitudes, time series of 12-hour means of variance and velocity components of the three modes have been calculated. An example from mooring KIEL276 is presented in Figure 17 . As was already indicated in Figure 16 , the barotropic energy is about 10 times larger here than the baroclinic energies. The variance of the barotropic tide is dominated by the regular 2-week spring-neap cycle. The typical time scales of the baroclinic components are shorter, of the order of 5 days. We find no indication of a correspondence between the spring-neap cycle and baroclinic tidal events here which could be expected in the case of internal tide generation due to barotropic tides near the shelf break [Lee, 1961; Gargett, 1970; Halpern, 1971; Baines, 1982; Sherwin, 1988] . Obviously, this site is too far away from the possible generation area to find such a correspondence.
A special data set is provided by the cross-slope array north of the Cape Verde Islands (moorings 309,313, and 314; see Figure 1 ). The structure of modes 0, 1, and 2 for that array is presented in Figure 18 , and spectral energies and tidal ellipses are displayed in Figures 19 and 20 , respectively. We find systematic changes in amplitudes from the deepest to the shallowest site. The barotropic signal decreases toward shallower depths, and both the first-and second-order baroclinic modes increase in this direction. In the case of standing surface waves in a basin we will expect a narrowing of tidal ellipses when approaching the boundary. This is the case here. But we also find a steady decrease in the main axis amplitude which might be interpreted as an indication of energy transfer from barotropic to baroclinic tides at the Figure  21 . The 2-week spring-neap cycle is seen as a strong signal in the barotropic mode, and a similar periodicity is recognized in the series of the first-order baroclinic mode but not in the second-order baroclinic mode. The corresponding spectra are displayed in Figure 22 . The peaks at 2-week periods are seen in the mode 0 and mode 1 spectra, but not in the mode 2 spectra. We conclude that baroclinic tides are generated on the continental slope and/or shelf in this region by the barotropic tide, with the resultant spring-neap cycle apparent in the baroclinic signals. [Wunsch, 1975; Baines, 1982] where the internal tide source region is expected, which occurs at the continental margin just off the shelf. In the records of the moorings closest to the slope in the south we also find a correlation of internal tidal energy with the spring-neap cycle, a result expected for the topographic generation of the baroclinic waves [Hecht and Hughes, 1971] . The ratio of first-to second-order baroclinic mode energies is always larger than 1, but the results from
